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STRENGTH OF WELDED AIRCRAFT JOINTS

BY TV. 0. BBUIEXIEMMJ

suMMARY

The work c?mm”bed in N. A. C. A. Teohnical Report

No. 3.48 8howed that the irwertion of gu88et plut.% waa

t)w rn08t 8ati9f@oy way of 8trengtbn@ a joint.

The additimud te8t8 of the prew?nt 8erie8 8h0w that

joini% of i%k type COU.M be improved by cutting out

the portion of tha plate between the i%#er8ect@ tub%.

T and ZaMoe joinh in thbwalled tubing ~2 by

O,OgO inoh have 8omewh4zt luwer 8.trength4 than joint8

in tuling of greater wa-11th&knea8 beau-se of faihbre

by local buckling. In wekhh.g the thbuxzlkd tu3ing,

the reoentiy developed CCcarburising fhud) prooe48 was

found to be the only method capaMe of producing

johu% free from cra&8. T7w “magnetic powder” im

8peotivn wa8 w9ed to d4ect orack8 in the joint8 and

7%ZW8in the tubing.

The 8trength# of chrom”um-mdybdenwm T, Zat$ioe,
aim? butt joints were materially irwrwed by heat trea.t-

m.ent. Butt joini% th ahromium-nwlybdenum 8h.eet and

tulnhg weii%d with low-carbon and chrom&nwwl@-

denum welding rod and tha8e wek?ed by the “oar-

bU7%%ing )%B’) pro&?88 hd abOW$ the 8anw 8trength ?h

tb % weZde@’ conditium The chromiwm+no Jylii%-

num and oarburiaing * we141.8were tb 8trvnge4t after

heat treatment.

INTRODUCTION

This investigation is a continuation of work started
in 1928 at the request of and with the financial assisb
ante of the National Advisory Committee for Aero-
nautics, and published by the Committee as Technical
Report No. 348: Strength of Welded Joints in Tu-
bular Members for Aircraft. It covers additional tests
on joints reinforced by inserted gusset plates, tests of
joints made with low-carbon and chromium-molybde-
num welding rods, and the recently developed “car-
burizing flux” welds, and new tests made on T joints
in which the leg of the T was loaded as a cantilever
beam. Tests were also made on joints in thin-walled
chromium-molybdenum tubing. Joints were tested in
both the herd-heated and “as welded” conditions.

MATERIAL

Steel tubing and sheet of the following materials and
sizes vere used:

Ohromium-nwlybdenum steel

Tubing-1 ~ch O. D. (O. D.=outside diameter)
by 0.035-inch -wall.

1++inches O. D. by 0.020-inch will.
1?/2inches O. D. by 0.058-inch -wall.
l% inch= O. D. by 0.083-inch wall.

Sheet-thickness 0.031,0.063, 0S25, and 0.188 inch.
iifii!d-carbon 8teel

Tnbipg-1~2 by 0.058 inch.
Sheet-thiokness 0.063 inch.

The tubing and sheet complied
Navy Department specifications:

Chromium-nwlybdenum 8teel

with the following

Tnbing-44T18’
Sheet+47S14a

Mi?d-carbon 8teel

Tubing49T1
Sheet+47S1’7a

The tensile strengths of the tubes from which the T
joints were made ax given in table I. Eaoh value is the
average strength of two specimens cut from opposite
ends of the tube fxom which the members of the joints
were taken. When the jo@t was heat-treated the tensile
specimenswere given the sameheat treatment. Results
of chemical analysis of the materials am given in
table IL

TABLE I.—TENSILE STRENGNS OF MEAlJ3ElRS OF
T JOINTS
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1 This -cation has been aupersecledby Navy Department sPecMca-
tion 44TlSa and supplement 44T18b. The tnbing alno compiled with
the new spedkation.
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TABLE IL-CHEMICAL COMPOSITION OF TUBING, SHEET, AND WELDING ROD

Maidel carbon

~ 1“1~_
M8uwse PhK8PI#~ Bwllly Safrml O~m:yn MolYlnl~

meant wront nom Pr.
ant

Tub@
Obromfnm-molybdonnmSW

1ineb O. D. by O.0364nchroll . . ..--. . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . 0.27 0.43 ::! ao12 . . . . . . . . . . . . am
1)5inch O. D. by 0.02Mmball--.: --.---. ----. --... ----------. —-.

am
.27 .57 .012 . . . . . . . . . ..-

lH Inti O. D. by O.OWlncb@---------------------------------
.Z1

.34 .s4 .a23 .011 . . . . . . . . . . . . i$
lH inch O. D. by O.OESAnebW-------------------------------

.10

Mild-carbonsteek
.34 .60 .OB .010 . . . . . . . . . . . . L(I3 .19

lH inch O. D. by O.IM&lncb@----------------------------------- .23 .s2 .019
Shw 1)4 bmh O. D. by 0.053-bmb~------------------------------------- .24

.019 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-
.52 .Om .016 . . . . . . . . . . . . . . . . . . . . . . . . ----------

Cbrom4nm-molybdenumSeek
O.cm-lncbm&m----------------------------------------------- .30 .41 .015 .Im3 . . . . . . . . . . . . .@a
0.W3-fUebM&n-— -------------------------------------------

,1.9

“’O’%-’

.s .41 .016 .m4 . . . . . . . . . . . . .W .m

% ch dfameler,carburizfngflmrto.-— . . . . .. —--------------------- .17 Lm .03 .024
%-Inchdhmeler, ebromfmn-molyb.ienumtow-----------—.. —-.. . . . . . .U

am . . . . ..i.ir. ----------
.fnl .02 .@m .ba ,m

I The low-carbons&4 weldh m.i wanhem tbe mxnelot o.%1fn tbo urevfonsInvartketfom The ehamiralmmpdtfon is @van in N. A. O. A. Teobnkd Report No.
31&tablem.

PREPARATION OF SPECIBIENS

INSPRC1’ION FOR DEPECPS

Method.-Visual inspection of specimens of the pre-
vious investigation showed that there -were cracks in
some of the joints It was found by experience that it
was impossible to detect all of the cracks by visual in-
spection. Inasmuch as craoks may weaken the joint to
an indeterminate extent, it was considered desirable to
use a more effective method of inspection.

In 1922William E. Hoke patented’ a %nethod of and
means for detecting defects in paramaa~etic material”
by magnetizing the object %hile in proximity to mo-
bile, iinely divided paramagnetic material” suoh as iron
filings or powder. A crack lying across the magnetic
path presants a relatively high magnetic reluctance.
An appreciable difference in magnetic potential thus
exists between the two sides of the crack, and if olo.sa
to the surface there is an externailleakage flux between
them. When the iron filings are brought into the field
of this leakage flux they are attracted to the edges of the
crack which is then indicated by an accumulation of the
figs. The test may be tied out by immersing the
object to be inspected in a fluid bath in which the iron
filings are suspended.

In 1927, Roux (reference 1)’ described a method of
testing butt welds in steel plates by producing a mag-
netic flux in the plate and obtaining a pattern of the
leakage flux by si~~ iron filings onto a paper placed
on the weld. A defective weld having no penetration,
for exampl~ has a higher magnetic reluctance than a
corresponding portion of the base metal. This is indi-
cated by magnetic leakagwfrom the metal into the air
around the defec~ causing an accumulation of the
powder at the defect. The joint was magnetized by a
portable electromagnet with pole pieces -which span
the weld. By properly interpreting the pattern as-
sumed by the iron figs the operator can oftan detect
the presence of defects.

This method has been used in the United States by
Watts (reference 2).

Recently de Forest (reference 3)4 has developed a
technique for inspecting steel and iron for such defects
as cracks and other discontinuities His technique is
similar in principle to that of Roux and Watts and
consists in suitably magnetizing the object, then
sprinkling the magnetic powder onto the surface.

The magnetic powder method appeared to offer a
solution to the problem of locating these cracks, and
arrangements were therefore made -ivithProfessor de
Forest to cooperate in the inspection of the joints usad
in this investigation.

Seams.-Each piece of tubing and sheet was inspected
for defects before welding. The apparatus for detection
of seams in tubing is shown in figure 1. Tlm tubo A
was slipped over the copper rod B which was con-
nected to the transformer C. An electric current in
the rod produced a circumferential magnetization in
the tube. Circumferential magnetization was used bc-
eause it was believed that any defects originating dur-
ing the processes of manufticture -would probably be
longitudinal. A current of from 200 to 300 amperes
was found to be satisfactory. D is an ammeter and E
is a current transformer for measuring the currenL
The dust was applied from the shaker F,

Many longitudinal seams were found. Typical indi-
cations are shown ip figures 2 and 3. The seams were
usually less than 1 inch lo~o although some were 4
or 5 inches in length. The seams generally occurred
singly, but sometimes in groups of two or more m in
figure 2.

XU. & Patent No. 1428334, AUS 22, 1022.
sA more complete description of the technique of tenting welds by

the rnagnotograpblc metbwf is given in a paper “Afagnetic Teettng of
Wdds”, pulrliehed fn tbe Welding Engineer, vol. 15, no. 2, Febroary 1030,
p. 31. Thie paper was trenslatwl from ruatotlal obtalncd from the
laboratory of La Soudnre Anteghe Ihan@ee.

LSee also U. S. Patant No. lfk308fI&hfay 29, 1X44.
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Where defects wem indicated, several of the tubes Some of the tubes had grooves on the inside surface
were %ctioned as indicated by the dotted lines in fig. as shown at B and C, @yre 3. These grooves were
ures2 and 3, and examined under the microscope. The visible without using the magnetic powder and appar-
eeams were in approximately a radial direction and ently were formed when the tube was drawn over a
varied in depth from about 0.003 to 0.015 inch. They mandrel. When the powder was applied, m in the
were partially iilled with iron oxide. The etched cross inspection for seams, the grooves were indicated by
section at A, figure 2, shows the surfwe of the tube and longitudinal accumulations of powder extendirg the
the seam to be decarburized. It is probable that the full length of the tube as in tubes 5 and 6, tigyre 3.

\

B

FIGUREI.—Apparatus for detecting senms in tabing by the nmgnetlc powder method of inspection. The tube A woe magnetized by a
heavy alteraaUng current producd fn the copper rod B by the @ansforrn@ C. The arnmekr D mna need with the current tranefommr
E to mensum the torrent, Tbe magnetic powder was applkd to tbe surface of the tube by means of Ure shaker F. Tbe iron-cored erdla
G were used when u portable magneUzin&nPpart@s was desired.

scams originated durhg the fabrication of the steel and
were caused by surfam imperfections being rolled or
drawn into the material.

There were swns on the inside as well as the outside
of the tubes. It is d.iilicultto inspect the inside sur-
faces, particularly of long tubes of small diameter.
However, deep seamswhich occurred on the inside could
usually be detected by applying the dust on the outside.
It is believed that very few of the seamscould have been
detected visually without the maguetic powder.

Seamswere found in the carbon-steel tubing and in
two sizes (l% by 0.058 inch and 1 by 0:035 inch) of
chromium-molybdenum steel tubing.

The tubes were not rejected bemuse of the presence
of seqms and grooves. The joints did not rupture at
these defects and there was no indication that the
strength was lowered under static’ loading.

The effect of seams and grooves on the torsional and
fatigue properties of the tubing was not investigated.

Craoks.-All welded joints were examined for crack
by means of the maawetic powder method. The heat-
treated joints were inspected again after heat treat,
ment. The technique was similar to that.employed for
detecting seams. I

The el~troma.guet shown in figure 4 was used to mag-
netize the joints. It consists of a solenoid having about
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600turns of No. 18magnet wire and &vosteelpolepiwes magnetic circuit is not so eilicient as one in whioh the
connected by a steel bar. When inspecting joi.m% in core is continuous, as in figure 4. A current of about
tubular members V block were used on the ends of the 1 ampere was found to be satisfactory for both kinds
pole pieces. These could be rotated about the axes of of apparatus.
the pole piec=. The joint was placed in contact with When inspecting the sheet samples the electromagnet
the V blocks in such a manner that the flux passed (fig. 4) was used, replacing the V blocks on +lm pole

-.

————

-s .
0
0
0“

A’

Fmmrn !2.-Searon in chrmalom-molyblamm tabea 1% inchen O. D. by 0.05 S-hmh wall. A microscopic csnm-
ination wan made at the crom aectlon shows by the dotted line. The seam at point A te ehowa in
the photorrdcmgraj?hs (left) in the unetched crose section and at n lower magnitkatton (right) nfter
the crom mctIon had been etched in l-pereent Nital-

through the portion of the joint it was desired to exam-
ine. It w-w mmetimes more convenient to usa a port-
able magnetizing apparatus, in which case the two coils
F (fig. 1) were Ed. Thesa are of the same size as the
coil shown in figure 4 and are connected in series. .Each,
coil has a laminated iron core about 6 inches long which
is placed in contact with the members of the joint. It
was necessary to use the coils C1OWtogether because the

pieces with flat blocks. No cracks, seams, or other
defects were found in the sheets either before or mfter
welding.

Cracks were found in all joints made in thin-walled
chromium-molybdenum tubing 1~2 by 0,020 inch in
which low-carbon welds were macIe. Figures 5, 6, and
‘7 show locations of cracks as outlined by the magnetic
powder. In the photomicrographs taken at point A,
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FIauan %-Seama end groovee in other cbromiom-molybdenum

.—. -

ttlk 1?4IIAEE O. D. bv 0.05S.ineb walL TIM sw*mn+rmfnt A tnho $1 i.
similar to tbe one shown in flgrrre 2.

..— ——..— .-
The poJv&r arcamalations “;n taka 5 ~d 6- & eaased by .gromw inside tb;-ti-~ ‘d ‘fi;~~ ~

the ead view of tabe 6. Tbe pbotomierograph C nbowe tbe mom section adjacent to groove C.
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@we 5, there are cracks apparently followirg the
grain boundaries that existed when the steel was in
the austenitic state. There were cracks on both the
inner and outer surfaces of the tube and one goes com-

~_.-_ .-. ———
1

-t

—— --------- --—”” ~y—.
FIQURB4_-Esamlning n lattice jobt for eraeks by the magnetic

powder inspection.

pletely through the wall. These cracks are partly filled
with oxide.

The majority of the cracks were 1S than one-half
inch lo~~ altho~oh in the T joints shown in figure 7
they extend on one side nearly half the circumference
of the tube. The cracks occurred in the bass metal
of joints in thin-walled tub~o made with low-carbon
welds, usually about one thirty-second inch from the
toe of the fillet, and ran parallel to the iillet.

WELDING

The specimens were welded in the same manner as
those of the previous investiadion by Mr. J. C. Kush-
ner, of the Keystone Aircraft Corporation. The weld-
ing supervisor was H. S. Georam,.research engineer of
the Union Carbide and Carbon Research Laboratory.
The procedure specifications were prepared for the pre-
vious investigation by a Ckmunitteeon Welding Pro-
cedure of the American Bureau of Welding, and are
given in R. A. C. A. Technical Report No. 34S. The
welder complied with the qualification tests of the pro.
cedure specilk.ations.

The welding supervisor witnessed alI of the welding.
In his opinion the joints welded with low-carbon rod
complied with the procedure specifications (the specifi-

,.

cations had been prepared to apply only to this type
of weld).

Four sets of welding equipment were loaned by man-
ufacturers. They me designated as A, B, C, and D, as
shown in fi~-e 8. The set used for each joint is indi-
cated at the bottom of the fi=we showing the test results.

.. ___ ——. .-

FIouaB 5.alcal megnetlc powder fm.llcntfons of eraclw formed Our-
lng welding fn a lettlee joint mnde from thin-wnlkd chromium-molyb-
denum tubing (l% Inchee O. D. by 0.020-inch wall). Tho photomlcro-
mphe meu at po~t A show the cross section lndlented by the doltml
line (upper) unetcluxl end (middle) etched in l-pcroent Nltnl. hW-
eerbon weldlng rod and n neutrel dame were used In weldlng thin joint,
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All tubular joints were welded in a suitable jig that
held the members in alinement. The time required to
complete the weld after the members were set up in the
jig was recorded.

It was found impossible to avoid cracks in thin-
vndled tubing when welding with a low-carbon rod.
Several expedients that were tried in attempting to
avoid cracks were: Preheating the tubes at the joint
before welding by heating to a red heat with the torch;
removing all scale adjacent to the weld with emery
cloth ; minimizing contraction stresses by heating one
side of the joint with a torch while welding the other
side; using various sizes of bends; exercising care to
prevent excessive penetration; trying both forward and
backward welding; using small sizes of torch tips and

FIaIJaE&-Cmeke la butt joints made with thin-walled tablng (l%
inchee O. D. by 0.0204neh wall) u Indicated in the magnetic powder
lnspeetlon. Theee jolnte were welded with low-carbon rod and a
nentml fime.

of welding rod; and, where the end of a tube was
welded to the wrdl of another continuous tube, sawing
out the portion of the continuous tube which is cov-
ered by the end of the intersecting tube. None of these
expedients was successful.

After unsuccessful attempts to weld the thin-walled
tubing the weld@ supervisor suggested that a new
welding process recently invented by him might prove
successful. This process (reference 4)s utilizes the car-
burized film caused by the absorption of carbon by
steel when the latter is heated to a temperature some-
what below its melting point, in a carburizing ah
mosphere.

The usual type of oqamtylene torch may be used;
the gas flow is adjusted, however, to have an excess
of acetylene, producing a carburizing atmosphere.
l’he surface of the base metal when heated to the proper
temperature absorbs carbon from this atmosphere. In-

5See also U. S. Patent No. 107334L Sept. 11, 1934.
3M4S-3&13

creasing the carbon content of steel lowers the tem-
peratiue at which it may be fused; thus a thin liquid
ii.lmof melted steel is formed on the surface of the base
metal at a temperature several hundred degrees lower
than the fusion temperature of the base metal itself.
The @ which maybe recognized by its characteristic
wet appearance under the flame, forms ahead of the

--- ./
I ,

I

Fm3uas?.-Cracks in T joints made with thin-walled tubing (1% in.
O. D. by 0.020 in. wall) SE indicated in tbe magnetic powder in-
spection Imwcarban weldlng rod and a neuhal Ylamewera used
in welding time two joints.

advanoing melted ~er metal and acts as a flux by pre-
venting oxidation and causing intimate union betywm
the base and the ii.ller metals. The fluxing action of
thisti makes it unnecessary to heat the base metal to
its melting pointi The technique is somewhat like braz-
~~ in this respect, although all of the characteristics of
a true weld are attained. A special rod containi~o
carbon, manganese, and silicon as alloying elements in
the Non base is used.
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Fmmm 8.—The torches and equipment ased. Each mt wns mwd to weld about on egual number of specimens.
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It was believed that welds made in the thin-walled
tubing by this process would be less susceptible to
cracking because it would be unnecessary to fuse the
base metal. Some preliminary welds were made by
the carburizing flux process, and after several days’
prnctico the welder, who had little previous experience
with this process, was able to make welds in the thin-
wdled tubing in which no cracks could be detected.

A series of T, lattice, and butt joints vw made in
this tubing by the cnrburizing flux process, using a
rod having the chemical composition givw in table Il.
No indications of cracks could be detected by means
of the magnetic powder inspection.

A brief description of some special fentures that
were employed in mahg carburizing flux -welds in
thin-walled tubing is as follows:

(1) The luminous feather in the welding flame, indi-
cating the amount of acetylene in excess of that re-
quired for complete combustion, was maintained at a
length of from 2 to 2~2 times the length of the inner
cone.

(2) Backward welding (see fig. L, N. A. C. A. Tech-
nicnl Report &To.348) was used; that is, the torch vms

held so that the flame issued in the opposite direction
to that of the progressing bead. This was done to
retnrd the rate of cooling of the fillet dul~~ the critical
interval when the base metal was most susceptible to the
formahon of heat cracks. It is believed that less osida-
tion of the unwelded base metal occurs in backward
welding and that the base metal is less likely to be over-
heated. “l?orward” welding was used for all tubes hav~
ing a wall thickness of 0.035inch or more welded by the
ctirburizing flux process and for all low-carbon welds
made by the regular neutral flame technique.

PosiWon of forth for
“b~d” weldiq

&&.L?ireciionof
welding

===-
a d e

.~.~,’,. //H

b c f g

FIatum 0,—Dkigmru of bend used fn mnNng cnrburkfng flnx welds
in tbln-wollcd tnblng showing how tbe puddle wns made to
aolidlfy tn ticrements.

(3) An additional precaution consisted of manipu-
lating the torch so as to confine the melted puddle to
ns small rm mea as possible. Instend of maintaining
a continuously melted puddle as would be done on
heavier base metal the fillet was made to solidify in
increments. Starting with a puddle (fig. 9) having a
long slope from the top of the fillet a to the point of
farthest advance c, the torch was withdrawn until the

u’stpuddle had begun to sohchty on the ~ottom (sQ1.1
maintaining the carburizing atmosphere), then more
enforcement a c d -wasadded. After this layer had
legun to solidify along the line c d, tlie next layer
I c f was added and so on. The carburized film that
ms formed on the surface of the overlapping layers
s well as on the base metal insured a continuous
lead, the layers being welded to each other in the
ame manner as they were welded to the base metal.
rhus the minimum amount of heat was applied to the
oint and the length of the puddle, measured in the
Erection “of welding, was kept as short as possible,
nin.imizing the amount of the contraction as the pud-
lIw cooled.

Chromium-molybdenum welding rods having the
hernial composition given in table II were used to
nake some of the butt joints that were to be heat-
reated after welding.

Henceforth joints welded with low-carbon rod, chro-
mium-molybdenum rod and those welded by the car-
mrizing flux prows+ are termed low-carbon welds,
h.romium-molybdenum welds, and carburizing flux
velds, respectively.

The butt joints in steel sheets were made with rein-
‘orcemenb on each side about equal to half the sheet
hickness, making the total thiclmess of the weld about
wice that of the sheet. This type of weld was used to
movide a symmetrical specimen and, in the low-carbon
velds,to permit the maximum “picking up” of alloying
Jementg from the base metal. Table III gives the
wera~mthickness of reinforcement (for both sides) of
he butt joints in percentage of the base metal thickne.w.

M13LFI 111.-AVIilRAGI!l TOTAL THI~TISS OF RI!lIN-
IfORCDMDNT OF BU!JW JOINTS IN PERCFWCAG13OF
BASEIME’PAL THI-SS

ti-ti,rk ----------------g ~ . ~ ~
Oarbrnklng nx, ~t---__–--..
Obrominm-molybdenw pmant_- !236 100 1%’ 92 -.-. —

HEAT TREATMENT

All heat treatmentwas done by the Division of Metal-
urgy, National Bureau of Standards. For the normal-
izing md hardening operations the temperatures given
n the chart KEeat treatment and inspection test of
Jircraft metds-hTaval Aircraft Factory”, serial no.
KL-79L, September 15, 1932, were used.

The lattice and T joints were hardened by hating at
.,600° F. in a gas furnace for 1 hour and quenching in
~il. They were tempered at 900” F. for 1 hour and
:ooled in air. Tensile and compressivespecimens of the
ubing from which the joints were made were given
he same heat treatment
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The butt and cross joints that were heat-treated were IDENTIFICATION OF T AND IM71!ICE JOINTS
hardened by heating at 1,600° F. for 45 minutes and
quenching in oil. They were then tempered at 500°, As in the previous investigation, three specimen3were
700°, 900°, and 1#30° F., respectively, for 45 minutes made Of~ch jofit. men referenceiSmde tOa grOUP

and cooled in air. Specimens that were normalized of triplicate specimens of the same design a specimen

‘/M-p-ofrustinof plofe I/m=pro frushn of plofe
we,Wedfo tubes welded7’0 fubes

{

.5fressinA, (M~I),
A

e;ci&BJ%’$’Kd
01in.sef of;midspon

heof treofeu’

o Ulfimq%sfres32smd
e77ZcleEy

L2.&3,

corbon sfeef

Vrn=pro frusim
of Dlofewkfed

:2&3’’..,.t%lT“tib~-oom”. . .
A --M :t, .

B .-.. :. . +
+ ;%= x 0.058.
corbon sfee/

ER240A

FIQuen10.—Reeulte of the trmsvemw test of T jobte mmle wf th Chrominm-molgbdennmsteel(upper) and carlmn steel (lower)
and low-carlxm welde. Tube B wae loaded in tensfun with tuh A eurmated at a span of 16 inch=. The load producing n
~~t ~t of OJ ~a at ~m WS.Sd~~ * tie m=fxIIuro led- me strese lfo/1 for tube A waE computml
for both kmk ak the tensile * and @ckncY for tubeB.

were held at 1,600° F. for 1 hour and cooled in air. number terminating in a cipher is used,thus, 260; speci-
To prevent oxidation a reducing atmosphere was main- mens numbered 261,262, and 263 are the triplicde spec-
tai&d in the furnace for all heating operations above imens comprising joints 260. Letters prefixed to the
500° F. specimen numbers have the following meaning:
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Meaning

Lettm

c1

H

J

K

L

M

Joint made with l~z by 0.058-inch chromium-
molybdenum tubing and low-carbon weld

Joint made with 1$$ by 0.058-inch chromium-
molybdenum tubing and low-carbon weld,
hwtitreated after welding

Joint made with 1+42by 0.020-inch chromium-
molybdenum tubing and low-carbon weld

Joint made wkh l~z by 0.058-inch carbon-steel
tub~u and low-carbon weld

Joint made with 1~2 by 0.020-inch chromium-
molybdenum tubing and carburizing flux weld

Cantilever loading of T-joint

increasing loads, the load producing a permanent set
of 0.1 inch at midspan was determined (loading 1).
As it -mwbelieved that a determination of the bending
strena@hof tube A would be more valuable than the
results of loading 11 (see p. 25 and fig. ‘7, N. A. C. A.
Technical Report No. 348), in which tube A was sup-
ported at the joint and tube B loaded until failure
occurred, loading I was continued to failure.

Unreinforwd T joints, 140, were tested in the heat-
treated condition, H140, @re 10.

In an attempt to improve the desi.m of the T joints
in the previous investigation, joints 260 were made by
insertirg a T-shaped gusset plate in slots in the tubes,
allowing the edge of the plate to protrude slightly,
G260, H260, and K260 (fig. 10).

Cmbon-steel joints, K140 and K260 (fig. 10) were
tested.

Since the transverse strength of tub~o increases
with a decreas in the ratio of diameter to -wallthick-
ness, in order to instigate joints in tubing having a

&etiedto tubes
~2&3 of heqf crocks

~2&3...~3%~3%~ 0.0+’?

‘A”profusion of plofe
wekied fo fubes

+ j%= ~“0.020-
corburizing
flux weld.

+ ,& ; 0.(720=
ccuburizing
flux weld.

Fxamm 11.—Resnlte of traneverm test of T joints madewiththin-walledchrominm-molybdenum steel tubing

T JOINTS

TRANSVREME LOADING

I)ratigs of the T joints are shown in iigures 10 and
11. The method of testing the T joints was changed
slightly from the procedure followed in the previous
investigation. Tube A was supported on rollers over
a span of 10 diameters (15 inches) on the platen of a
pendulum hydraulic testing machine (fig. 6, N. A. C. A.
Technical Report No. 348). The free end of tube B
was gripped in the lower jaws of the machine and load
applied. By applying and releasing a succession of

greater ratio of diametm to wall thickness than is or-
dinarily used in aircraft construction, joints J140,
J260, L140, and L260 (fig. 11) -wereincluded Chro-
mium-molybdenum tub~~ 1~2 by 0.020 inch was used.

For comparative purposes two nominal strews in
tube A of the T joints were computed, corresponding to
loads in B which produced in A a permament set of
0.1 inch, and failure, respectively. These stmww were
computed like moduli of rupture, by dividing the bend-
ing moment at midsprm by the section modulus of the
origina,l tube (hat is, the gusset plates, if any, and tube
B were neglected); they are plotted in figures 10 and 11.
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It should be emphasized that while these stressesare a
convenient means of comparing the results obtained on
different joints of the same size and same size of tubing,
the extent to which they could safely be used with other
sizes of tubing and different relations of bending
moment to shear has not been investigated.

The stressesin tube B at 0.1 inch set and at failure
of tube A have been plotted in fia~ 10 and 11. The
ratios of these stressesto the tensile ~ngth of tube B
have been denoted the efficienciesof tube B. They indi-
cate the extent to which the strength of the material
of tube B has been fully utilized in the joint. The ei3i-
ciencies are also shown in fiaww 10 and 11.

Typical failures of T joints under transverse load-
ing are shown in fiawre 12. The failur~ are al.so in-

dicated in fiewres 10 and 11 by the specimen numbers
1, 2, and 3 at the points of failure. Thus for joints
G140, figure 10, the numbers 1, 2, and 3 indicate that
specimen G141 failed by buckling and specimens G142
and G143 failed at the bottom of tube A at the loca-
tions showm AU the failures at the top of tube A
were buckling failures. The failures at other locations
were ruptures of either tube A or the weld.

The rntio of the stress for 0.1 inch set to the ulti-
mate stressvms much higher for the heatAreated joints
than for those which had not been heat-treati. Specii
mew H142, H143, and H263 failed before the set be-
came 0.1 inch. The strengths of the gusset-reinforced
joints G260 under transverse loading were about 31
percent greater than those of the unreinforced joints
G140, and the stress which produced a O.I-inch per-
manent set in tube A was about 37 percent higher.
The heat-treated joints H260 were about 26 percent
stronger than the unreinforced heat-treated joints
H140.

The carbon-steel joints KM-O and K260 had about
the same strength. Thus there appears to be little
advantage in adding n reinforcing basset to a carbon-
steel T joint.

T joints L140 and L260, figure 11, made with thin-
walled tubing by the carburizing flux process, had
somewhat lower strengths under transverse loading
than joints made from heavier tubing because the thin-
vmlled tubing buckled under lower stresses There
were crack in joints J140 (see fQ. ‘i’), made with low-
carbon welds, that greatly lowered the strength of
these joints. Cracks were also found in joints J260,
made in the same way. The cracks in joints J26f)
were smaller and did not lie in such a highly stressed
portion of the joints as in joints J140. They appar-
ently did not lower the strengths, which were about
tlie same as those of joints L260. All of the joints
made with thin-walled tubing failed before develop-
ing OS-inch set.

,.,
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I l’ ‘1 !!

II+==IF
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i

FIQUaE13.—Applying the cantilever leadlng to n T joln~ The weighte
D were applied by turning the turnbnckle C. The permanent set
at E wns meoeomd by the dial micrometer.
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FIQurm14.—Resnlts of the ranttlever teat of T joints rnnde with chrominm-molybdenmn steel and low-carbon weld.% The strws Jlu/X was
compnted at eectlon p-q in tube A {me upper left diagram) and at seetion q-r in tube B for the load produdng 0.1 ineb permanent Eet
at E and for tbe maslmmn Ioa&
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CANTILEVER LOADING

It vras believed that information reagrding the
strength of T joints in which the leg of the T -was
loaded as a cantilever beam would be valuable. Joints
were therefore tested as shown in fiagure18. Tube A
was held in a vertical position between two pins, the
upper of which was fixed and the lower was fitted with
rollem, allowing movement in a vertical direction. The
load was applied by turning the turnbuckle C until
the weights D -wereraised. The dial F measured any
movement of the support dur~~ loading. No appre-
ciable movement was observed. The pins supporting
tube A were spaced 15 inches apart and the length
along tube B from the center line of tube A to the

t

A .

B
P:-tiq-“,—.

1?
r1-

:r ,

‘‘-12&3 j 4

--./@-~ o.~5&
-‘-carbon steel
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b
Q 60
@

& 40

.
!&?
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o KM141 KM141
KM142 IW142
KM143 KM143

any) were neglected in computing the section modulus.
Typical failures are shown in figure 16.

Joints GM260, reinforced by an inserted gusset plate,
were about 19 percent stronger than the unreinforced
joints GM140. Each failed in tube B where the tube
had been annealed during welding.

Joints GM260, reinforced by an inserted-gussetplate,
were stronger than joints GM440, reinforced by trian-
gular ~gt plates.

The unreinforced heat-treated joints HM140 failed by
tube B tearing out of the wall of tube A on the upper
side. The reinforced heat-treated joints lXM260 were
about 87 percent stronger than joints HM140 and failed
by rupture of tube B at the end of the gusset plate.

A

-B
--j$f.=~ao58” ‘‘‘

--carbon steel

17muBE15.—Ik.anlta of the rantUever test of T joints made with carbon steel and low-carbon

point where the load was applied was 15 inches. The
load producing O.1-inch permanent set at the point of
10IIdiIVZE was determined, as well as the maximum
load. A dial micrometer was used to’ measure the
permanent set.

Figure 14 shows the test results for “cantilever-
londed’~ T joints made with chromium-molybdenum
steel in both “as welded” and heat-treated conditions.
I?igure M shows test results for similar joints made
with carbon steel “as welded.”

In fiawres14 and 15 the stress at section p-q in tube
A and at section q-r in tube B has been plotted for tlm
load which produced a permanent set of 0.1 inch at
point E, The stress at failure has been plotted also.
The stresseswere obtained by dividing the bending mo-
ment by the section modulus. The ~gesset plates (if

3s54=%14

The carbon-steel joints EM140, fia~ 15, failed by
bending of tube B =thout ruptu&ng or bu&ling. In
joints KM260 tube B buckled on the compression side
at the end of the ~~t” plate.

L4!CTICEJOINTS

The form of specimen and method of testing used
for lattice joints was the same as in the previous in-
vestigation. The angle between tubes A and B and
between B and C (figs. 1’7and 18) was 60°. The ends
of tubes A and C were supported on pin bearings in the
testing machine as shown in iigure 8, N. A. C. A.
Technical Report No. 34S, and tube B was loaded in
tension until the joint failed.

The new type of inserted gusset reinforcement was
also used for the lattim joints. Figure 17 shows joints



192 REPORTNO. 584—NATIONAL ADV180RYCOMMI’JTEEFOR AERONAUTI08

t

..—

4.

I .

.
.-:

. .. —. —- — —--- .

..- -----

Fmmn 16.-Cnntilever-loaded jolnte after fnilnre
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G760 made with chromium-molybdenum steel in both join= L630 and K680, fi=wre 18, were made without
‘m welded” and heat-treated conditions. Figure 18 reinforcement with thin-walled chromium-molybdenum
shows joints J760 and L’760 made in thin-walled chro- and carbon-steel tubing, respectively.

/%%-45.
Alliubesl%-X 0058=

2W ..?~ M-x, ao58=

o-fDlbfeweh’ed-..-.< ~ !

1? 77

FIOUEE17.—Test refmlts for Iattko jolntamade withehroraiom-molybdenum steel and low-carbon welti

mium-molybdenum tubing, and joints K760 made in To determine the effect upon the strength of the
carbon-steel tubing. joint of tubes lying in a plane at right angles to the

The unreinforced lattice joints H630, shown in fibwe plane of the tibes to which the loads are applied, lat-
17, -were tested in the heat-treated condition. Other tice joints G102Owere made (fig. 17).
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The strap-reinforced joints G101Otested “as welded” plotted on the right side. Et is the percentage of the
in the previous investigation were found to have a tensile stren~@hof tube B developed by the joint and
l@gh strength. To determine the stren=@hof this type E. is the percentage of the compressive strength of
of joint in the heat-treated condition, joints EUO1O tubes A and C (both cut from the same length of
shown in Qgure 17, were made. tubing) developed by the joint. The location of the

Carburizinqflux weld Carburizi~ flux_weld Low-carbon weld

T
F. F. I

YIW’ ‘“”M ;Tll:’ool%l=l%

f4

iiwilWJiBi!J
L761 L761 L761
L762 L782 L7fi2

L633 L633 L633
.-—

L763 L763–L763 Jlii3 .S763-J763

100
& J%

$80
u
bQ60

$
$40
.-U
a
fi 20

0
K631 K631
K632 K632

,3 K633 K633

FIGmm 18.—Teat resnl@ for lattice joints made wltb carbon-steel tnblng and low-cnrbn welds (lower) and Ivltb tbln-wnllod
cbrondnm-molybdenmn steel tnbIng (upper).

The resuli%for. the lattica joints are plotted h the failure iS SlIOWII on ~ ~~p. FDilI,US by crush-

same manner as in the previousinvestigation.In Qa- ing of the tibes at the joint is indicated by X. Typical
ures 17 and 18 the maximum tensile stress in tube B failures are shown in figure 19.
is plotted on the left side of the graphs. The tensile Joints (3760, figure 17, had about the same strength
efficiency Et and the compressive etliciency EC me as joints 750 and 1010 (N. A, C. A. Technical Report
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No. 348, fig. 27), which were the strongest lattice joints
tested in the previous investigation.

The three additional tubes in joints G102o had a
reinforcing effect, as these joints were stronger than
joints 630 of the previous investigation.

The streng@s of joints 630 were increased by heat
treatment, although the tensile and compressive effi-
ciencies vrere somewhat lowered. Marked increases in
the strengths and slight increases in the tensile effi-
ciencies of joints 760 and 1010 were produced by heat
treatment. The compressive efficiencies were slightly
lowered.

The efficienciesof the joints made from thin-walled
tubing, shown in figure 18, were low, especially those
of the unreinforced joints L630. Joints J760, for which
low-carbon welds were I.@& have cracks which appar-
ently did not appreciably lower their strengths as their
efficiencieswere about the same as those of joints L760.
The gw+ats vieremom effective than in joints made with
thicker-walled tubing. The tubes failed by crushing at
the joints. The lower strengths of these joints are due
to low resistanceto lateral crushing or flattening of the
thin-walled tubing.

Tensile tests were made of the welded-sheet speci.
mens using either a fluid-support, Bourdon-tube hy-
draulic machine having dials of O to 10,000 pounds,
Oto 50,000pounds, and Oto 100,000pounds capacity or
a pendulum hydraulic machine hawing dials of O to
10,000pounds, o to 26,000pounds, o to 50,000pounds,
and Oto 100,000pounds capacity.

Temprlingrips were used for all sheet specimens of
which the load did not exceed 10,000 pounds. Speci-
mens having higher stren=@hswere tested in the wedge
grips provided vvith the machine.

Figure 21 shows the four types of fractures of the
butt joints for both sheet and tubing. The type of
fracture is shown at the top of the diagram in which
the test results are plotted. Fractures of type 1 were
remote from the weld; type 2 (which occurred for
tubular specimens only) in the area where the welding
heat had caused a localized annealing effect m shown in
figure 17, N. A. C. A Technical Report No. 348; type 3
at the ed=wof the weld; and type 4 in the weld. The
results for the butt joints in steel sheet are plotted in
fib~ 22 and 23. The strengths of all welds were
increased materially by heat treatment, particularly

1’

2’
f2=

3

I I I 1

FIQmm 20.-Layout of butt jofnts and tendle specimens of the base metol in the steel sheet%

The carbon-tied lattice joints, shown in i+gue 18,had
somewhat lower efficienciesthan joints made with chro-
mium-molybdenum steel.

BUTI’JOINTS

SHEET. SPECIMENS

Butt joints were made in chromium-molybdenum
sheet and tubing to determine the tensile strengths of
heat-treated welds.

l?our thichwss.es of sheet, 0.031, 0.063, 0.125, and
0.198 inch mere &d. Open square butt joints were
made with the 0.031-inch and 0.063-inch sheetsand open
90° &gle V butt joints with the 0.125-inch and 0.18S-
inch sheets. All specimens were reinforced on both
sides.. After welding, tensile specimenswere machined
from the joints as shown in figure 20. The reduced
section was ~2 inch wide and 4~2 inches long. The
weld was at the middk One series of specimens was
made, as shown in fia- 20, in each sheet thickness
with each of three kinds of welds.

those of the carburizing flux and the chromium-molyb-
denum welds. There was considerably more swtter in
the results of the heat-treated low-carbon welds than
in the other types.

In general the full strength of the base metal was
realized in the “as welded” and normalized joints in
all four sheet thicknesses. Of the joints which were
quenched and tempered the carburizing flux welds de-
veloped the highest strengths for all tempers in the
0.031-inch sheet thickness. In the other thicknesses
the strength of the carburizirg flux welds was slightly
~~eater and somewhat more uniform than that of the
chromium-molybdenum welds except at the 500° F.
temper.

There was some variation in the bead reinforcement
(se? table IJI) between specimens of different sheet
thic@ws.es and types of weld. However, none of the
chr@qq&n~lyb@mm welds and only three of the
carbhr%lii~ flux I%@& (one in the 0.063-inch and two
in the 0.188-inch sheet all quenched and tempered at
500° F.) fractured in the welds, indicating that the
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~113UEE 21.— Butt joints Ln chromium-molybdenum sheet and tnbing after failru% illuatratlmg the four x of failure designated in
flgnrea 2!2, 23. 2S, !29, and 30.
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o Sfrengih Iow-cocbcm welds +-Nickers number of weld specfmens
A= ca-burizingflu welds -. .
n.

= baee meial specimens

=-l----.
chrmniumm olybdenum welds
base mefal ..

0

L Quenche”dat 1600°F.fhen tempered at above iemperatur~

Q!

171QuaE22.—Te8t results for open sgnare butt jolmts in 0.03l-inch chromium-molybdenum sheet (upper) and in 0.003-inch
sheet (lower). Three groups of m&hnena corresxwndfng to three types of welds were nsed for each heat treatment. An
addltionnl specimen of base metal representing each group of triplicate spechnens WUEheat-trented and tested. The
polats shown on the graph are the tendle strengths and Vickem numbers of the jointe. The correepondhg raluea for
the Mm metal epedmens are shown by horizontal lines. The type of fraetnre of the joints is indicated at the top of the
mph; tie torch rwe& at the httora.
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0 Strength 10w-crbon weld.. Vickersnwnber of Weld specimens
A* corburizingflux welds %----= . = hose meiol 5+oecimens

-%-’.-.:
ctromium-mol’enum weloS
base mefal

FIGURE23.—Test result8 for open Idngle-V butt jolnta in 0.l!2Mnch chromium-molybdenum sheet (upper) and OISS-inch
sheet (lower) .
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reinforcement was adequate for these wel& Frac-
tures in the wel~ type 4, showed a marked reduction
in area.

The Vickers explorations shown in fig-g-es2$25, and
26 were made to study the effect of the heating of the
basa metal during welding, and the effect of heat treat-
ment after weldiqg. Vicker# imptions were made
on the eden of the specimens. The load was varied ac-
cording to the resistance to indentation and the thick-
ness of the specimen. A 10-kilogmm load was gener-

.500

FIQOaE26.—I%kers nnmkr of open aingI&V butt joints in cbrerninra-
molybdenum sheet “as tided” , normnllzed and IYIencbed aad tem-
p~ at w3w=d temperatnrea

ally used for the 0.031-inch specimens. For the thicker
specimens the load was 30 kiloewams-whenthe Vickers
number did not exceed about 250, and 50 kilograms for
higher Vicke~ numbers. One series of impressions
was taken alomgthe center line of the edge by advanc-
ing the specimens longitudinally by means of a lead
screw. These impressions were spaced from one
thirty-second to one-fourth inch apart. In addition,
impressions were made on the bead at from two to six
points (depending on its size) located as close as pos-

The Vickws number of specimens that had been
quenched and tempered at 700° F. are shown in fi=a
25. The Vickers number of the bead vias greatest in
the chromium-molybdenum welds and lowest in the
low-carbon tvelds. The thinner sheets in the low-
carbon and carburizing flux welds had higher numbers
The Vickers number of the base metal was uniform out-
side the weld.

Vickers numbers for heat-treated low-cmbon welds
are ShOVTIl in figure 26.

TUB~ SPECIMENS

Four chromium-molybdenum tubes (1Y2 by 0.058
inch) were laid out, each as shown in figure 27. Low-
carbon welds were made in two of the tubes, carburizing
flux welds in the other two.

Butt joints were also made in thin-walled tubing
l% by 0.020 inch and in carbon-steel tubing l~z by
0.058 inch. Theswwere left “as welded.”

The ends of the tubular butt joints were plugged wncl
the specimens were tested in tension using the same
apparatus and methods as used for the sheet specimens.

Tubular butt joints (fig. 28) showed more variation
in strength than butt joints in sheet. The cmburizing
flux v+ls had the highest strengths of any of the
quenched and tempered joints. Failure occurred either
in the weld or remote from the weld, seldom at the edge.
More of the low-carbon welds failed at the edge than in
the weld. Those joints that were quenched and tem-
pered showed little difference in strength regardless of
tempering temperature.

Results of tests on the thin--walledtubular butt joints
are shown in figure 29. All low-carbon welds had
cracks (see fig. ‘7) and failed at these cracl.m. No cracks
v em found in the carburizing flux welds. Tvio of the
latter joints failed in the weld, four in the annealed
portion of the tube, and one at the edge of the weld.
Thow failing in the vreldhad low strengths.

‘%swet,7, ,Mwnolized af

j-,

@ef@m+Fd 16CW”F.f~o~m?pered d9~m~rotures gi,~;.elo ●4s welde
lmT.

:1, “ ,y,,q

L-/24-l2=+ ~.-C Weld
‘-Bose metal *cJnen

~GOEE %’.-Layout of the tubulnr butt jolntn and tUMSmetal specimens.

sible to the edge of the cross section. The averages of The strengths of the carbon-steel butt joints in l+L!by
these are shown in the @gures. 0.058-inch tubing are also shown in figure 29.

l?ib~ 24 .ihowsthat the Vickers number of the weld
metal in the “as vdded” condition varies with the kind CROSSJOIN1’8
of welding rod used. The welding heat caused hard- Cross joints (shown in fig. 30) w&e tested to deter-
ening of the b~ metal near the weld in a zone vary- mine the strengths of three types of welds when used
ing in width from about 344to ~4 inch on each side of h make heat-treated joints in tubes of different. thick-
the vield. In this zone the Vickers number was lower nesse.s. These joints consisted of two chromium-molyb-
in the thicker sheets, probably because of slower cool- denum tubes, 1 by O.O35inch, lying in the same wi~
ing of the thicker sheets. welded to opposite sides of the -wallof a much thicker
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tube,
used:
welds

1% by 0.083 inch. Three types of welds were as the unreinforced joints 140 and 630 in the previ
(1) low-carbon welds, (2) carburizing flux investigation. As before, no consistent difference

, and (3) a combination of the && two types -welding speed could be observed for any one torch.

100

0“– As Welded *molized \ !573”F.

Fmmm 28.—Test i%mlts for butt joints in chromlmn-molybdemun steel tubing 1% inchw O. D. by 0.13Winch wall.

in which the welding rod was the same as used for the
carburizing flux welds but in which the base metal was
fused, using the neutral flame technique of type (1).
The 1 by 0.035 inch tubes -were laid out as shown in
figure 27.

Tensile testswere made in a 100,000-pound pendulum
hydraulic testing machine.

The cross joints had the lowest strer+j%s of any of
the heat-trented joints. Practically all joints except
those tested “as welded” failed at the edge of the
weld. There was no signihmt dMerence in strength
within the range of tempering temperatures used. The
low strengths of these joints were probably due to
str- concentrations near the weld caused by the sharp
changes in cros section. The joints made by the car-
burizing flux process were slightly stronger than those
made with the same rod, and neutral flame technique.
The low-carbon welds had the lowest strengghs.

TIMEOF R’13LD~G

The time required to machine and weld the joints
and the weight of the weld metal and ~gwt plates
me shown in @me 31. The gusset-reinforced joints
G260 and G760 required about twice the time to weld

9US

in

‘0%2- %%%%?
Fmums 29.-T% rmdts for bntt joints

in tMn-miUMi chrornimn-molybdermm
steel mbhg and in rarbon-timl tmbing.

Tensile tests were made on heahtreated sheet and
tubular specimens of the base metal from which the
butt and cross joints were made. Stress-strain ~d
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FmuBE 30.—Te& resnlts for cross joints in chrorninm-molybdenum steel tnbln&

.-
T joints

40
.Lofticejoints

Buff~ointsin sheet ..-77mefo weId rl n 11 II

Tubular
Cross butt
>infs ]oints

see fig.30 see fig.28

101i B c AB

T&chbc da b’ &,
.031 .083 .125.185
%eef thic.%ess,in.
x Bed welded m both

T~“oinfs LohYce ]oints
.30

.25

da

;“.15
Q
g.lo

.05

0
G

sides in one operation

.-

5

Fmnmr 31.-Time reqnhed to machine and weld jolnta; weights of weld metal cmd reinforcement.
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difi!eren~ curves o (fig. 82) were obtained. The me-
chanical properties are given in fqgure 33 for tubular
specimens and fi=wre 34 for sheet specimens.

The tubes were tested in full section with steel plugs
in the ends. I?or the sheet the American Society for
Testing Materials’ standard sheet-metal specimen hav-
ing a 2-inch-gage length and a width of +42inch was
used.

A Ewing extensometer having” a.2-inch-gage length
was used to measure the strain.

The yield point was determined as required in Navy
Department Specification 4+lT18a, in which it is d6-

tempered at either 700° F. or 900° F. The normalized
specimens had comparatively low proportional limits.

Young’s modulus increased slightly with the temper-
ing temperature for the sheet specimens and for the
1 by 0.035-inch tubular specimens, but not for the
l+jj by 0.058-inch tubular specimens.

The elongation in 2 inches increased with the sheet
thiclmess.

The mechanical properties of the heat-treated chro-
mium-molybdenum sheet am in f air agreement with the
properties of similar heat-treated sheet tested by F. T.
Sisco and D. M. Warner (reference5).

FIQUaE 82.—Tensile sim?ae-strain curves for cbromlnm-molybdenum steel tnbalnr epeclmene l% fnchee O. D. by 0.05Wncb wall.

fined as that stress under which the specimen shows a
strain 0.002 inchfich greater than that computed from
the formula

Strain (in./in.) =
StreSS (lb./sq. in.)

30000000

The +&inch sheet specimens had the highest tensile
strengths of all quenched and tempered specimens.
When tempered at 500° l?. the tensile strength was
about 238,000lb./sq. in.

The yield points of the 1 by 0.03i5-inchtubular speci-
mens were highest when the specimens were tampered
at 700° l?.

The proportional limits were the most variable of the
mechanical properties The proportional limits of the
tubular specimenswere highest when the specimenswere

CSce N. .4. C. .4. Tecludcal Report No. 34S, P. 6; also Mscasaion by
L B. Tuckorman of the Determlnatlon and Sfgnitlcanee of the Propor-
tional Lfrolt in the Testing of ?kfetal& by IL 1A TemPlb& WWanted at
tho !l!klrty-eeeond Meeting of the Axnerierm Society for Test@ Mat+
rialE, Jane 25, 1929.

Figure 85 shows the variation of tensile strength with
Vickers’ number for chromium-molybdenum sheet and
tubing.

CONCLUSIONS

1. The magnetic dust-inspection method was quite
effective in detecting seams in tubing and cracks in
welded joints. This method of inspection could be
utilized by manufacturers in the routine examination
of steel aircraft materials and -weldedstructures.

2. Based on considerations of strength, weight, weld-
ing time, and freedom from craclm, the inserted ~~et
type of reinforcement used in this investigation for T
and lattice joints, is considered to be better than any
type tested pre~ously. In increasing the strength of
joints this reinforcement was effective for all joints ex-
cept the carbon-steel T joint under transverse loading.

3. In w.lding the thin-walled chromium-molybde-
num tub~m, only the carburizing flux process was
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I 77-Jckness = 0.031in. ~ ?hiclvwss= 0.063in ~ 7hickness-0125 i.. ~ 7hick–~ = 0.188i,

II%3URE34.-hfecbanlcal LUOpertienof four thicknesses of chromium-molybdenum steel sheet for variow heat treatments.
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